ABSTRACT
INTRODUCTION

28
Chitin is a long unbranched polymer of an amino sugar N-acetyl-β -D-glucosamine residues (GlcNAc)
29
linked together by β-1,4-glycosidic linkages [1] . This naturally occurring polymer is the second most 30 frequent biopolymer in the environment after cellulose and present in insects, crustaceans and most
31
fungi, but not in plants, vertebrates and prokaryotes. Chitin is hydrolyzed by two types of enzymes,
32
namely chitinase (E.C. 3.2. 1.14) and N-acetyl glucosaminidase (E.C. 3.2.1.52).
34
According to the nomenclature suggested by [2] , the chitinolytic enzymes are divided into three principal 35 types: endochitinase, exochitinase and N-acetylglucosaminidase. Endochitinases and exochitinases are 36 the two major categories of chitinases. Chitinases catalyse the conversion of chitin to its monomeric 37 components. They are produced by a large variety of chitin-degrading organisms including several 38 bacteria [3, 4, 5] actinomycetes [6, 7] , fungi [8] and also by higher plants [9, 10, 11, 12] .
40
Bacillus thuringiensis (Bt) is an insecticidal, Gram-positive rod-shaped, motile, spore forming bacterium 41 widely used as a biocontrol agent against pests. Bt produces parasporal crystalline inclusion bodies 42 containing highly specific insecticidal proteins called Cry proteins or δ-endotoxins. These toxins are 43 mainly active against lepidopteran species and some also shows toxicity against dipteran and 44 coleopteran species and other organisms [13] . Under suitable conditions, Bt is capable of producing 45 many biological active molecules, for examples bacteriocins and hydrolytic enzymes such as chitinases.
46
Chitinases of B. thuringiensis are worth of consideration due to their potential role as biological control 47 agents for insects and plant-pathogenic fungi [14, 15] .
49
In this present study, chitinases produced by four subsp. of Bacillus thuringiensis were assayed using 4- 
67
Glycol chitosan (Sigma, UK) was prepared according to the method of [17] , an adaptation of the method 68 by [18] . The final concentration of the stock suspension of glycol chitin was made as a 1 % (w/v) and 69 stored at 4 °C until use.
71
Preparation of regenerated chitin
72
Regenerated chitin was prepared according to the method by [18] using chitosan (Sigma, UK). The 
77
The fluorometric assay developed by [19] 
98
Assay for Chitinases with Carboxymethyl-Chitin Remazol Brilliant Violet 5R
99
Assay for Chitinases with Carboxymethyl-Chitin Remazol Brilliant Violet 5R (CM-chitin-RBV 5R) was 100 carried out as described by [20] . Reaction mixtures contained the enzyme preparation, 0.1M sodium 101 citrate buffer (pH = 5) and CM-chitin-RBV 5R solution. The enzyme activity was expressed as the change 102 in absorbance at 550 nm h -1 . The assays were carried out in triplicates for each sample and the activity 103 was expressed as a mean of these three replicates.
105
Chitinase Isozyme Patterns in SDS-PAGE Activity Gels
3 SDS-PAGE was carried out as described by [17] using glycol chitin impregnated separating gels, with the 107 buffer system of [21] . For activity gels, 12 % separating gels containing 0. 
124
Bacillus subtilis [27] , Bacillus thuringiensis sub sp. aizawai [15] and B. thuringiensis sub sp. kurstaki [14] .
125
Production of chitinases by different strains of B. thuringiensis and the involvement of these chitinases 126 during pathogenesis of insects has been demonstrated [16] .
127
Most of the microbial chitinolytic systems are inducible [28] , but the production of chitinolytic enzymes in 128 bacteria has been reported to be both constitutive [29] and inducible [30, 31] . Hence in this study, Bt
129
isolates were grown in appropriate liquid media with and without the supplement of regenerated chitin in 
135
The fluorometric assay was used as the principal assay to determine the chitinolytic activities.
136
Although this assay is highly sensitive and reliable, it is expensive. Four of the 4-methylumbelliferyl detected, but the latter with very low levels. According to the results obtained, [30] suggested that the 142 occurrence of chitinase activity in cellular fraction of highly chitinolytic bacteria could actually be due to an 143 intracellular enzyme, but could also result from an incomplete release of the enzyme to the growth 144 medium.
146
Negligible levels of chitinolytic activities were detected in both assays, upon growth of B. thuringiensis in 
157
There were no detectable N-acetylglucosaminidase activities in cell-bound or supernatant fractions when 
181
replicate wells ± ± ± ± SE are given.
183
When four subsp. of B. thuringiensis were screened for chitinolytic enzymes with fluorogenic substrates,
184
Bt HD133, Bt T7002 and Bt IPS78 showed a similar pattern of distribution (Figure 1 
214
Chitinase inducing medium ( ). The mean absorbances of triplicate assays ± ± ± ± SE are given.
216 217 218
When the culture supernatants of four B. thuringiensis sub species grown in nutrient broth supplemented
219
with regenerated chitin were electrophoresed on activity gels, one chitinase band of approximate 220 molecular mass of 36 kDa was obtained from all four sub species (Figure 3) . B. thuringiensis 36-3 which
221
showed the lowest activity in assays gave a faint band in the activity gel. Hen egg white lysozyme
222
(HEWL) and purified chitinase from Streptomyces griseus were used as positive controls. 
